Background: Maintenance acupuncture is advocated by clinicians after successful clinic-based acupuncture. We aimed to assess the effectiveness of maintenance acupuncture in the management of cancer-related fatigue (CRF); treatment delivered by therapists or self-acupuncture/self-needling was compared with no maintenance treatment.
Preliminary investigations suggest acupuncture may be effective in treating cancer-related fatigue (CRF) in patients with cancer [1, 2] . In a pilot trial of acupuncture (6 sessions over 2 weeks) versus daily acupressure versus daily sham acupressure [2] , a significant improvement was shown in the acupuncture arm (36% improvement from baseline), acupressure was somewhat effective (19% improvement), while the sham arm showed minimal change. However, this improvement was not maintained in the follow-up assessment a month later: this finding suggested patients may have needed the intervention for longer to sustain the initial improvement.
Maintenance ('top-up') acupuncture treatments following a course of acupuncture are advocated by, and are common practice among, acupuncture practitioners. Top-up treatments normally follow the initial course of acupuncture and are then more widely spaced typically at 4, 8 and 12 weeks and can continue for as long as the patient benefits [3, 4] . However, no formal research has been carried out to date investigating the effects of maintenance/top-up or self-maintenance acupuncture therapy, though widely practised for vasomotor symptoms [5] . Provision of maintenance acupuncture sessions for an extended time (often months to years) may not be feasible for large numbers of patients experiencing CRF and would be associated with significant healthcare costs. Teaching patients to self-needle may be more convenient for patients and more cost-effective maintenance therapy. Audit results from 194 breast cancer patients experiencing hot flushes using this pioneering method suggest self-acupuncture, at acu-point SP6 using either semi-permanent needles or conventional needles, is possible (with the latter being preferred by patients) and associated with low incidence of side-effects including rash, itch or inflammation, minor bleeding at the acupuncture site and pain [5] .
Initially, we carried out a large trial assessing the effectiveness of 6-weekly acupuncture sessions for CRF (n = 302) [6] . Results showed significant CRF decreases and quality-of-life improvement in the acupuncture arm compared with enhanced standard care. At the end of the 6-week treatment, we introduced a re-randomization phase for the acupuncture arm only. This was done with the aim of testing the effectiveness of acupuncture self-needling as maintenance therapy after a course of acupuncture delivered by trained acupuncturists in a group of breast cancer patients experiencing fatigue. Briefly, the acupuncture arm in the main trial demonstrated statistically significant improvements compared with the control arm at 6 weeks in relation to general fatigue (GF), other dimensions of fatigue (mental fatigue, motivation, activity, physical fatigue), anxiety, depression and quality-of-life domains [6] .
Hence, the aims of this study were (i) to assess whether maintenance acupuncture is beneficial in maintaining improvements in fatigue after a course of acupuncture, and (ii) to assess whether improvements in CRF after the initial acupuncture course delivered by therapists in clinic can be sustained in the longer term if patients continue the course of acupuncture with self-acupuncture.
methods design
This was a phase III unblinded, pragmatic randomized trial using a threegroup design.
intervention The acupuncture intervention is described based on the STRICTA recommendations for reporting acupuncture trials [7] . Patients in the main trial received a standardized 20-min acupuncture session needling bilaterally 3 points (ST36, below the knee in the anterior boarder of the tibia; SP6, above the tip of the medial malleolus and posterior to the medial boarder of the tibia; LI4; on the dorsum of the hand between the first and second metacarpal bones) although alternative points could be used from a small pool of other points in case the initial points could not be used. These points, especially ST36, are used traditionally for 'energy' [8] and were decided upon in consultation with practitioners. Acupuncture sessions were carried out once per week for 6 weeks. The needles were Seirin with guide tubes for single use and their size 36 gauge/point 16-30 mm. Each session was based on a strict protocol followed by all therapists involved (n = 12), and conversation during each session was kept to a minimum and used only to facilitate the treatment. The control group received enhanced usual care. Further details can be found in our main trial paper [6] .
At the end of the 6-week course of acupuncture, participants were rerandomized to receive one of three approaches: maintenance treatment delivered by acupuncturists for a further 4 weeks, maintenance selftreatment/self-needling for a further 4 weeks after participants were taught to needle themselves and no maintenance treatment. The acupuncturistdelivered treatment group continued with weekly sessions delivered for 4 weeks by an acupuncturist as described during the main treatment trial.
The self-needling group used self-acupuncture at points SP6 and ST36, selected because they are standard points for fatigue, easy to locate and away from major organs or arteries. This approach was based on experience of teaching patients self-needling for over 10 years [5] and published guidelines [9] , with clear patient instructions. The training was delivered during a face-to-face session with the trained acupuncturists. The exact points were marked on the patient's leg by the therapist using permanent markers. Patients were given clear instructions on how to manage any side-effects, not to use the points if the skin became red, inflamed or sore, and given swabs, needles and a pot for the safe storage of used needles. They were also instructed to bring the pot into the clinic at their next visit for safe disposal. An emergency number was provided in case they needed to speak to the therapist about any concerns with selftreatment. The third arm received no maintenance treatment.
The inclusion criteria were the same as in the main trial and included female patients: with a diagnosis of stage I, II or IIIa breast cancer; completed chemotherapy at least 1 month but not >5 years previously (in order to recruit those with persistent/long-term fatigue); not planned to receive chemoradiotherapy during the study period; completed the 6-weekly sessions of clinic-based acupuncture as part of the previous phase of the trial, and willing to participate and be re-randomized to one of the three trial arms of the maintenance phase of the trial.
exclusion criteria
The exclusion criteria were patients with needle phobia; low platelet count (<50 000); co-morbidity with a bleeding disorder; co-morbidity with thyroid dysfunction; pregnancy; haemoglobin levels <10 g/dl and haematocrit <30; anaemia on active pharmacological treatment or receiving blood transfusion or steroids, and life expectancy <6 months. In addition, lymphoedematous limbs were excluded from needling.
procedures
Approval from a multisite ethics committee as well as all participating organizations was obtained before commencing the trial. Potential participants were recruited directly from outpatient clinics, referral by clinicians or self-referral. Outcome measures included self-reports, completed at home and mailed back to the researchers using pre-paid envelopes. Randomization took place based on a computer program, carried out independently by a statistician. The trial arm allocation method was minimization with a random element over the margins of two factors: baseline Multidimensional Fatigue Inventory (MFI): GF (≤16, 17 or 18, 19 or 20) and maintenance therapy (none, biological and/or hormonal). The allocation ratio was 1:1:1 (acupuncture:self-acupuncture:no maintenance). Three-quarters of the sample in each arm were receiving biological or hormonal treatments.
outcome measures
The primary outcome for this phase of the trial was GF at week 10 (end of 4-week maintenance therapy). Secondary outcomes included mental fatigue, anxiety, depression and quality of life.
The measures used in the study were as follows.
(i) MFI [10] . This is a brief 20-item scale measuring GF and the dimensions of physical and mental fatigue, activity and motivation. Unlike other scales, it does not just provide an overall score, but examines multiple dimensions, providing a more clear understanding of the manifestations of this symptom. It is a well-validated scale tested in volunteers and chronically ill populations including cancer patients, with an average Cronbach alpha of 0.84 and good construct and convergent validity [10] .
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(ii) Hospital Anxiety and Depression Scale (HADS) [11] . This is a 14-item scale assessing anxiety with 7 items and depression with a further 7 items. Each item is answered on a 4-point scale (0-3). Scores on each sub-scale thus range between 0 (no symptoms) and 21 (numerous and severe symptoms). Higher scores are indicative of more anxiety and depression. (iii) FACT-G and Breast Cancer Module. This is a well-validated qualityof-life scale focusing on functional assessment, supplemented with a breast-cancer-specific module [12] . High internal consistency and construct validity have been reported in past studies using the FACT scales in various cancer populations.
Sociodemographic and treatment characteristics were obtained from the patients' records and the patients themselves. Medication use during study participation was also obtained.
sample size
We planned to randomize around 240 cases to receive initial acupuncture. It was anticipated that 192 (80%) of these cases would accept rerandomization. Thus, we planned for around 64 cases in each of the three arms. With such a sample size, there would be ∼80% power to detect differences in fatigue change scores of around a half SD in a test at the 5% level of significance.
data analysis
Descriptive analyses were used to summarize the data. A simple one-way ANOVA was applied to fatigue change scores (week 10/end of 4-week maintenance treatment − week 6/re-randomization week), but the primary analysis was an analysis of covariance of the week 10 GF scores with the week 6 GF score as a covariate and trial arm as grouping factor. Similar analyses were carried out for a number of secondary outcomes, i.e. subscales from the MFI, HADS and Functional Assessment of Cancer Therapy-Breast Cancer scale (FACT-B). A linear mixed effects model was fitted to all the available fatigue scores at baseline, week 6, week 10 and week 18 for the re-randomized cases to estimate the mean profiles 'as if the data had been complete' (valid for a 'missing at random' assumption).
results
Two hundred and twenty-seven patients were randomized in the main study to receive acupuncture. Of these, 198 (87%) of cases originally randomized to receive acupuncture were rerandomized. One case was re-randomized twice due to error and this patient's data were excluded from analysis. The rerandomizations yielded 65 subjects to therapist-delivered acupuncture, 67 to self-acupuncture and 65 to no maintenance. Forty-six of 197 cases (23.3%) across the three arms were missing either or both of the week 6 (re-randomization week) and week 10 (end of 4-week maintenance course) assessments required for this analysis (Figure 1 ). The majority of participants were married, had received at least secondary education and were employed (either full-time original articles Annals of Oncology or part-time). The mean age of the sample was 53 years. Treatment-wise, the majority had received surgery with chemoradiotherapy at a mean time of 20 months previously. Detailed sample characteristics are shown in Table 1 .
primary outcome analysis
The primary outcome was the MFI GF score at 10 weeks (4 weeks after re-randomization). The test for different slopes for the three groups was not significant (P = 0.11) and hence a parallel line model was fitted. The trial arm effects were not statistically significant (P = 0.18), with almost identical mean difference scores in the therapist-provided acupuncture group (=0.57) and in the self-needling group (=0.54) ( Figure 2 and Table 2 ).
secondary outcome analyses: week 10
Given the similarity of the acupuncture and selfacupuncture effects, a post hoc contrast of the acupuncture versus no maintenance arms was of borderline significance (P = 0.07) with an estimated difference in week 10 score acupuncture (self-needling or therapist-delivered)-control, given equal week 6 scores, of −0.76 with 95% CI (−1.59 to 0.06). Analysis of covariance regression models were also fitted for the other scales of the MFI, HADS and FACT-B. In each case, the week 10 value was the response and the week 6 value was used as covariate. No marked differences between the rerandomized trial arms and outcomes were observed. The key results are summarized in Table 3 . The analysis method was analysis of covariance with the week 6 GF as covariate and trial arm as a factor. Fifty-nine of 197 cases (29.9%) were missing either or both of the week 6 and week 18 assessments required for this analysis across the three trial arms. The test for different slopes for the three groups was not significant (P = 0.70) and hence as previously a parallel line model was fitted. The trial arm effects were not statistically significant (P = 0.36). As previously, it was of interest to consider a post hoc contrast of the acupuncture and selfacupuncture arms versus the no maintenance arm (P = 0.29) with an estimated difference in week 18 score acupuncture (self-needling or therapist-delivered)-control, given equal week 6 scores, of 0.57 with 95% CI (−0.49 to 1.64) ( Figure 2B) .
Analysis of covariance regression models were also fitted for the other scales of the MFI, HADS and FACT-B. In each case, the week 18 value was the response and the week 6 value was used as covariate. The key results are summarized in Table 4 . No marked differences between the re-randomized trial arms and outcomes were observed.
The estimated means for GF from the linear mixed effects model fit for the no maintenance arm at baseline, week 6, week 10 and week 18 were 16.2, 12.1, 12.4, 11.7, respectively; for the acupuncture arm: 16.1, 12.4, 11.7, 12.8, respectively; and for the self-acupuncture: 15.9, 12.7, 12.5, 12.6, respectively. This demonstrates the stability of the participants' response from the initial acupuncture.
No side-effects were reported by patients in the selfacupuncture group (with the exception of a small number of cases with spot bleeding and minor pain/discomfort), and all patients carried out the self-needling appropriately-as shown from the log, patients had to complete every time they carried out self-needling. Logs suggested that all patients carried out Estimated difference in week 10 score (self-acupuncture − no maintenance) given equal week 6 scores. PWB, physical well-being; SFWB, social functioning well-being; EWB, emotional well-being; FWB, functional well-being; HADS, Hospital Anxiety and Depression Scale; FACT-B, Functional Assessment of Cancer Therapy-Breast Cancer scale.
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discussion
This is the first trial comparing acupuncture delivered by a trained practitioner with self-acupuncture for maintaining a treatment effect related to fatigue management, and indeed for any other symptom. The key messages from this trial are that patients can be taught to deliver acupuncture to themselves and that self-needling is acceptable, feasible and safe. However, maintenance (or 'top-up') acupuncture (either delivered by a trained acupuncturist or through self-acupuncture) did not lead to clinically important improvements beyond the initial course. We showed no extra maintenance effect of acupuncture for this symptom. This is somewhat in contrast with extensive experience with self-acupuncture maintenance for vasomotor symptoms over months or years [5, 9] . These data suggest selfneedling is a safe technique which can potentially be utilized for the management of other symptoms if top-up maintenance treatment is benefiting patients. It is interesting to see that the improvement in the fatigue scores observed in the self-acupuncture group was equivalent to that observed in the group receiving acupuncture by trained acupuncturists. This clearly highlights that patients can carry out self-acupuncture effectively and achieve a similar effect to that where the acupuncture is delivered by a trained therapist. This is a unique finding and we would suggest that it has significant clinical implications in relation to self-management.
Although continuing with 'top-up' acupuncture (either selfacupuncture or by an acupuncturist) led to a borderline nonsignificant improvement (P = 0.07), the clinical significance of this improvement was not important (i.e. at least a 20% improvement in fatigue or 4-5 points in the quality-of-life scale). Also, results across fatigue and quality-of-life outcomes were stable in the no maintenance and acupuncture arms even at the 18-week follow-up, showing the initial effect of treatment was maintained in the longer term. This suggests maintenance acupuncture for the symptom of fatigue may not be necessary, or at least not necessary in the frequency applied in this trial. Traditionally, practitioners offer monthly or less frequent 'top-up' sessions; however, as a more intense maintenance schedule did not lead to any changes of importance, it seems unlikely less frequent sessions will do so. Maintenance therapy may be necessary when initial symptoms re-appear, but not as standard process.
Self-needling was taught to patients by an acupuncturist following established guidelines which include information on patient education about self-acupuncture [9] . Besides initial patient apprehension about self-needling, all patients randomized to this arm were taught to needle themselves and carried it out appropriately. This may be linked with significant cost-savings and potentially allow more patients to be treated with acupuncture. It is important to provide training to patients and some initial sessions by an acupuncturist, as we did in this trial, so patients can familiarize themselves with the technique and feel more comfortable about self-acupuncture. Also, the points to be used should be carefully selected to be away from major organs or arteries for safety reasons and also allow patients with other co-morbidities and mobility difficulties to be able to reach the points.
We have followed a Western medical acupuncture (WMA) approach rather than traditional Chinese medicine (TCM). This approach is focused less on choice of one point over another, although 'classical' points are used by both approaches [13] . Also, selecting individual points for selfneedling would be difficult to be administered in a true TCM approach by patients. Furthermore, following WMA principles, no stimulation of needle sensation ('de qi') was carried out. Although there are no data comparing needle stimulation and no needle stimulation, there is some evidence to show that the presence and intensity of 'de qi' has no effect on pain relief in a Estimated difference in week 18 score (acupuncture − no maintenance) given equal week 6 scores. b Estimated difference in week 18 score (self-acupuncture − no maintenance) given equal week 6 scores.
PWB, physical well-being; SFWB, social functioning well-being; EWB, emotional well-being; FWB, functional well-being; HADS, Hospital Anxiety and Depression Scale; MFI, Multidimensional Fatigue Inventory.
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trial with osteoarthritis patients [14] . No other data could be located investigating top-up acupuncture treatments.
Results should be interpreted in the light of missing data of 23.3% and 29.9% at week 10 and week 18, respectively, which may have affected the power of the study. Those patients in the self-needling group who did not return final assessments may represent a group that did not carry out the therapy or did not observe any further improvements. Hence, this trial should be further confirmed with a larger sample. It would be interesting to more formally test whether self-acupuncture can be introduced as part of the initial course of treatment following a carefully developed protocol and support by a trained acupuncturist, for a range of chronic symptoms. The costeffectiveness of self-acupuncture and its impact on resource allocation is also another area of research which merits future development.
